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The Challenge

* Environmental Health Tracking requires
numerical-spatial analysis: map, charts,
computation

* Environmental Health Tracking involves large,
multidimensional data sets

* No DSS that is effectively able to support this

* Ease of use and cost-effective tool is needed for
widespread tracking to be adopted



S,

i o S . » Ty ~ _
ﬂ‘@; University of Pittsburgh

Inspiration & Historical
Perspectives: John Snow

 Cholera Outbreak in London in 1854

* Used numerical-spatial problem solving to
discover source of the cholera outbreak

 Could we do better than John Snow of a
century and a half ago?



- John Snow
~~pinpointed the

source of

cholera

outbreak in

~ London, 1854
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Numerical-Spatial Routine: Example
of Disease mapping

Component Type
1 | Identify geographic area Spatial
2 | Exposure or hazard analysis/calculation of the Numerical

geographic area

3 | Identify comparison region Spatial
4 | Analysis of cancer/heart disease incidence Numerical
5 | View in charts/reports Numerical

6 | View Maps Spatial
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OLAP & GIS

* OLAP is very attractive for environmental health
analyses: handle large amount of data,
multidimensional, fast retrieval

* OLAP enhances numerical components

* GIS is central to environmental health tracking: it
needs to have the capability to do spatial analysis:
— Network Analysis, Buffering, Clipping, Geo-coding

* Integrated system: OLAP and GIS needs to be
iIntegrated into an easy-to-use system.
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Online Analytical Processing

Diagnosis

Broad Diagnosis Calagory
Diagnosis Sroa

Dhiagnosis SGroups
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Spatial OLAP Visualization and Analysis Tool - [ExtendedDemo]
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Example of Pennsylvania Data

* Spatial Data of Pennsylvania

-US Census Bureau .shp files

* Numerical data from 3 sources:

1. U.S. Census Bureau
- Population & Socioeconomic
3. PA Department of Health
- Cancer incidence, death, birth
5. PA Healthcare Cost Containment Council
- Inpatient & Outpatient Healthcare Utilization
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Features: Default presentation, Time
Series, Top 5 for Certain Disease in PA
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Problem Solving Example #2

“Compare Allegheny County’s cancer
Incidence rate against it’s bordering
counties.”
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Spatial OLAP Visualization and Analysis Tool - [ExtendedDema]
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eatures: Top 5 Cancer in Allegheny

Spatial OLAP Visualization and Analysis Tool - [ExtendedDemao]
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Problem Solving Example #4

“Compare Cancer Incidence of Allegheny
County to Erie County from 1996-2000"
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Features: Compare Cancer Incidence of
Allegheny County to Erie County from 1996-2000
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Problem Solving Example

“Compare the 2000 death rates from
iIschemic heart disease of Northwestern
PA vs. Northeastern PA”



i Spatial OLAP Visualization and Analysis Tool - [ExtendedDemo]
Topics  Mining Models — Exit

Dimenzions

Pé Population
Complications of pregnanc 1213854500 DF'E””%"VE'”E_EDDD
Coneqenital anomalies 11396 166.10
Endocring, nutritional and
External causes of injun a 11833387 20
Infectiouz and parazitic diz
[vjury and Paizoning
Mental disorders 11167529 .40
Meoplasms
Symptoms, zigns, and ill-d 10925050 .50
the circulatarny system
+- Aot theurnatic fever
artenies, arterioles, an
Cerebrovazcular dizea
Chranic theumnatic hea 1019671380
Hypertenzive dizease

Bithwseight | Diagnosis | Educat € | 3

11410603.30

I g O Oy B N B Y

10652271 .60

1043949270

9353934 .80

W

¥

Other farms of heart di

9711156.00

Columm &l &ge_2000
Geography

- v Pennzylvanig

Year ol

il 2500000
il 510000
P
il 10200000
il 12700000

= v huffer

Background

Birthweight Query
Diagnosiz

E ducation Top5

Measures
Race ElulEETE Select Mode

Region
Sex

Zoom Mode
[ Drag Maode




i Spatial OLAP Visualization and Analysis Tool - [ExtendedDemo]

Topics

Mining Models  Exit

Dimenzions

Bithweight | Diagnosiz | Educat €| 3|

- Complications of pregnanc
- Conegenital anormalies

- Endocrine, nutritional and

- Euternal causes of injuy a
“Infectious and parazitic diz
“Injury and Poisaning

- Mental dizorders

- Meoplazms

- Sprptomsz, signs, and ill-d

“the circulatory system
-- Acute theumnatic fever
-- arteries, arterioles, an
H- Cerebrovascular disea
[+ Chronic theumatic hea
H-H wperh

L

< | ?

Fow Colurni
..... Age - Geography

..... 'T'Ear
Backaround

Birthwweight &]
Diagnosis
- Educaton
i Measures
i Race
- Reqion
L Caw

P& Population
1453976.00

1335971.63
1187967.36 | | |
1039963.04 § ||
391955.72 § | |
743954 .40 § | |
595950.08 § | |
44794576 | | |
299947144 | ||

15183712 | ||

393280

Al Age

Dt'—\darns_ZDDD_lschemic WCE ]
.NIegheny_EDDD_lschemic 1
.i\rmslrnng_xll:ll:l_lschemic I
.Beaver_?ﬂﬂﬂ_lschemic heh
B =dicord_2000_lschemic hs:
.Berks_?l:lﬂl:l_lschemic hear
.BIair_ZDDD_Ischemic heart £
G =dford_2000_lschemic he
.Bucks_?[ll:ll:l_lschemic healt
DButIer_EEIDD_Ischemic heag
[ ]cambria_2000_|zchemic ha.
.Camernn_2DDD_lschemic ke
.Earb-:-n_?l:ll:ll:l_lschemic hek
.Centre_?l:lﬂl:l_lschernic hear
.Chester_2l:ll:||:|_lschemic hT

T

Alldge_2000_lschemic heart diseaze

- v Courties

el
il 320000
il 60000
il Ath000
il 1250000
il 1560000

= v buffer

Full Extend

Select Mode
Zoom Mode

mun
[a1]
=)
o

[

Drag Mode

Drill Crowany

Drill Up
Drill Ot

Buffering

Query

Display Label




%8 Spatial OLAP Visualization and Analysis Tool - [Extende dDemo]
Mining Models  Exik

Topics

Dimenzions

Birthweeight | Diagnosis | Educat €| 3|

- Complications of pregnanc

- Conegenital anormalies

- Endocrine, nutritional and

- Euternal causes of injuy a

“Infectious and parazitic diz

“Injury and Poisaning

- hental dizorders

- Meoplazms

- Sprptomsz, signs, and ill-d

- the circulatony system

-- Acute theumnatic fever

-- arteries, arterioles, an

[+ Cerebrovascular disea

[+ Chronic theumatic hea

- Hypertenzsive diseaze
iemic heart di

-- Other forms of heart di

—_

il ] *

L

W

R Calurnn

Backaround

Birthweight m

Diagnosziz

Education

Measures

Race

Reqion

P& Population
1453976.00

1335971.63
1137967 .36
10399635.04
391955.72
743954 40
595950.05
447945 76
299941 .44
15193712

393280

&l &ge_2000_Is

Creating New Community

Enter the name of the commmunity

N/ Pl

Dt'—\darns_ZDDD_lschemic WCE ]
.NIegheny_EDDD_lschemic 1
.i\rmslrnng_xll:ll:l_lschemic I
.Beaver_?ﬂﬂﬂ_lschemic heh
B =dicord_2000_lschemic hs:
.Berks_?l:lﬂl:l_lschemic hear
.BIair_ZDDD_Ischemic heart £
G =dford_2000_lschemic he
.Bucks_?[ll:ll:l_lschemic healt
DButIer_EEIDD_Ischemic heag
[ ]cambria_2000_|zchemic ha.
.Camernn_2DDD_lschemic ke
.Earb-:-n_?l:ll:ll:l_lschemic hek
.Centre_?l:lﬂl:l_lschernic hear
.Chester_2l:ll:||:|_lschemic hT

T

- v Courties

el
il 320000
il 60000
il Ath000
il 1250000
il 1560000

= v buffer

Full Extend
Select Mode
Zoom Mode

.—
mun
[a1]
=)
o

[ Drag Mode




i Spatial OLAP Visualization and Analysis Tool - [Extende dDemo]
Topics  Mining Models — Exit

Dimenzions

Pé Population

= Courties 1453978.00 [Jadams_2000_Ischemic hes

&)l P&, Counties 1335971 68 Wltllegheny_2000_lschemic

i PA, .&rmstru:ung_?[l[lﬂ_lschemic
.Beaver_EDDD_lschemilz he
10399635.04 .Bedfnrd_EDDD_lschemic hg:
.Berks_?DEll:l_Ischemic hear
.BIair_EDDEI_Ischemic heart
743854 .40 .Bradf-:-rd_?l:ll:lﬂ_lschemic h

Sew | ‘Year | Community Zl| »

11537967 536

391953.72

5O5950 .08 .Bucks_EDDD_Ischemic heal

DButIer_EUUD_Ischemic hean
DEamI:uria_EElDEl_Ischemic b
300041 44 .Camemn_EDDD_lschemic 1 3
.Earbnn_?l:ll:ll:l_lschemic heg
.Eentre_?l:ll:lﬂ_lschemic hedr
3932 80 .Chester_EDDD_lschemic etz

44734576

15183712

Columm &l &ge_2000_|schemic heart dizease

- v Courties
[
il 320000
il 000
il 540000
il 1250000
il 1560000

= v huffer

Background

Birthwweight Quen

Diagnosiz

- Educalion
Full Extend

i Measures

- Race Select Mode

- Fegion Zoom Mode
[ Drag Maode




i Spatial OLAP Visualization and Analysis Tool - [Extende dDemo]
Topics  Mining Models — Exit

Dimenzions

Sew | ‘Year | Community

B3

EI E_u:uunties
o AllPA Counties

ME Py
- Municipalities

Pé Population
1483976.00

133597165
1157967 .36

1039963.04

Di\dams_zﬂl:ll:l_lschemic hej
.NIegheny_EDUD_lschemic
.&rmstru:ung_?[l[lﬂ_lschemic
.Beaver_EDDD_lschemilz he
.Bedfnrd_EDDD_lschemic hg:

.Berks_?DEll:l_Ischemic hear
.BIair_EDDEI_Ischemic heart
743854 .40 .Bradf-:-rd_?l:ll:lﬂ_lschemic h
o555 08 .Bucks_EDDD_Ischemic heal
DButIer_EUUD_Ischemic hean
DEamI:uria_EElDEl_Ischemic b
300041 44 .Camemn_EDDD_lschemic 1 3
.Earbnn_?l:ll:ll:l_lschemic heg
.Eentre_?l:ll:lﬂ_lschemic hedr
3932 80 .Chester_EDDD_lschemic etz

391953.72

44734576

15183712

Columm &l &ge_2000_|schemic heart dizease l

- v Courties
[
__‘32[![![![! R
il 000

840000
: 1250000
il 1560000

= v huffer

Background

Birthwweight Quen

Diagnosiz

- Educalion
Full Extend

i Measures

- Race Select Mode

- Fegion Zoom Mode
[ Drag Maode




i Spatial OLAP Visualization and Analysis Tool - [ExtendedDemo]
Topics  Mining Models — Exit

Dimenzions

Pé Population

886534.00
= Courties [ nw Pa_2000_lschemic

- All PA Counties 84523556 .NE P, 2000 _lschemic
=

Sew || “Year | Community < >

30383712

& kunicipalities

TE2635 65

T21340.24

GE0041.50

G35743.36

297444 .92

556146 .45

S14545.04

Columm , &l &ge_2000_|schemic heart dizease ]

- v Counties

] 50000
il 40000
il 710000
il 750000
il E60000
il 530000

= v huffer

Background

Birthwweight i Quen i

Diagnosiz

- Educaon

o Measures Full Extend
Race Select Mode
- Region Zoom Mode
[ Drag Maode J




L “ - - _ - - . _ ]
q.*hr University of Pittsburgh

Additional Functionality



i Ve I‘Si t}.r [}F P1 ttSl:]'U T_':

Search large dimension: diac n03|s

I8 Spatial OLAP Visualization and Analysis Tool - [ExtendedDemo]

Topics  Mining Models — Exit

= Back F Query {2 Compare '@ Reset Options + Yiew -
lof Education | |of Geogiaphy | [ull Measures MNum Cancer by [Geography=Jefferson,Crawford.Sullivan....) by [Diagnosis=Malignant neoplasm of bone and aticular cartlage)
o Year Community A ag
@ Age [Q: Birthweight lg: Diagnosiz DJEFFerson
Endocring, nutritional and metabolic diseases, and A .Cra‘_'"ford
External causes of injury and poisoning eg _ [ sulivan
Infectious and parasitic diseazes DDauphin
Injury and Paisoning Wtonroe
bental disorders [t
Meoplasms 79
. DLancastel
23 Benign neoplasms ]
22 Carcinoma in zitu WlL=high
25 Malignant neoplasm of bone, connective tissue - [ashington
28 Malignant melanoma of skin CFranklin
I 2 [rike
e
H Mallgnant recplasm of connective and ath . Wcston
22 Malignant neoplasm of female breast 59 Dorill Do b
22 Malignant neoplasm of male breast Dill Up » Cilegherny
22 Other malignant neoplasm of gkin ) DW}'DWHQ
) - Pivok Chart .
2% Malignant neoplasm of digestive organs and p 0 .Hunnngdon
HH Mal?gnant neoplasm of _genitourina_ry organs Sart Ascending b |_| |—|Junlata
&2 Malignant recplasm of lip. oral cavty. and pha Sort O g Malignant neoplasm of bone and articular carti L
43 Malignant neoplasm of lpmphatic and hematop .CI
23 Malignant neoplasm of ather and unspecified s A0 Show Top 5 L4 ariod
22 Malignant neoplazm of respiratary and intratho Show Battam 5 3 DCqumbla
23 Meoplasms of uncertain behavior M < by ol N M DLycoming
22 Meoplasms of unzpecified nature Hmmary iy -Cimns - [Eradford
Surambanne  sione and ill-defined condibinee b 30 Summary b'}" Rows ¥
s .Lawrence
D'\.-"enango
rieoplasm 0 [(ittapne
All Diaghosiz » Meoplasms > Malignant neoplazm ” WFukon
All Diagnosiz » Neoplasms > Malignant neoplazm [Lackawarna
Al Diagnosis > Meoplazms > Malignant neoplasm DCambria
&l Diagnosis » Meoplasms > Malignant neoplasm 10
. . . .Cenlre
Al Diagnosiz » Meoplaszms > Malignant neoplazm
All Diagnosiz » Meoplasms > Malignant neoplazm [ermstrong
All Diagnosiz » Meoplasms » Malignant neaplasm T a0 HI | || [Cvark

Al e more. ..

B Y B X e LTy

Malignant neoplasm of bone and articular cartilage

< b




University of Pittsburgh

Clusterinc

#8 Spatial OLAP Visualization and Analysis Tool - Clustering on Disability Rate
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Number of Cancer Incident in Allegheny Counties (Municipalities level)
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Red nodes shows industrial places in Allegheny County
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A close up view of the nodes
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Buffer within 1 mile from CLEARWATER INC and the affected municipalities
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Buffer within 2.5 mile from CLEARWATER INC and the affected municipalities
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